The study of the Ashkin-Teller model (ATM) of spin-3/2 on a hypercubic lattice is undertaken via Monte Carlo simulation. The phase diagrams are displayed and discussed in the physical parameter space. Rich physical properties are recovered, namely the second order transition and multicritical points. The phase diagrams have been obtained by varying the strength describing the four spin interaction and the single ion potential. This model shows a new high temperature partially ordered phase, called 〈S〉 and a new Baxter 3/2 ground state which do not exist either in the spin-1/2 ATM or in the spin-1 ATM.
Introduction
In this work, we will analyze a magnetic model with three spin states known as Ashkin-Teller model [1] which is a superposition of two Ising models with spin variables σ and S. In every site i of the cubic lattice, two spin variables σ i and S i are associated. In each Ising model, there are two spin nearestneighbors interaction with a strength K 2 [2] . In addition, different Ising models are coupled by a four-spin interaction with strength K 4 [3] and on each site there is a single ion potential D [2] . All these interactions are limited to the first nearest neighbors.
Recent researches of this Ising model and its phase diagrams with four spin interaction and some of its applications have been done [4] [5] [6] [7] [8] .
The selenium compound adsorbed on a nickel surface [9] is a good physical picture for this model. Different methods have been used to understand the critical behaviour of this model. For the two dimensional case, all of mean-field approximation (MFA) [10] [11] [12] [13] Monte Carlo simulations (MC) [11] [12] [13] [14] , series analysis [15] , exact duality [16] , transfer-matrix finite size scaling calculations [9, 14, 17] , renormalization group [18, 19] and mean field renormalization group approach [20] , yield three different phases: a paramagnetic phase in which neither σ nor S nor anything else is ordered (〈σ〉 = 〈S〉 = 〈σS〉 = 0); Baxter phase in which σ and S independently order in ferromagnetic fashion, and also 〈σS〉 0; a third phase called PO 1 in which σS is ferromagnetically ordered 〈σS〉 0 but 〈σ〉 = 〈S〉 = 0.
One of the most interesting and challenging phenomena is the appearance of other new partially ordered phases in the ATM. For example, MFA and MC simulations applied to the three-dimensional case yield first and second-order phase transitions and partially ferromagnetic ordered phase 〈σ〉 (〈σ〉 0 and 〈S〉 = 〈σS〉 = 0) [11] . By using exact duality transformations and symmetry considerations [17, 21] , the anisotropic ATM in d = 2 also presents partially ordered phases called 〈σ〉 and 〈S〉 which are connected by symmetry operations to the 〈σS〉 phase. These results are confirmed in d = 2 and d = 3 by MFA and MC simulations [12] . The PO 2 phase defined by (〈S〉 = 〈σ〉 0; 〈σS〉 = 0) found in the spin-1 Ashkin-Teller model [14, 22] does not occur in the spin-1/2 Ashkin-Teller model [12] .
Monte Carlo (MC) simulation can be shown as a powerful and successful tool to study critical phenomena [12] at reduced dimensionality (d = 2). So, it is of importance to fully understand the phase diagram obtained from this model through a nonperturbative method, such as Monte Carlo technique. The main problem which arises from this method is the existence of statistical errors.
In this paper, we mainly focused on the spin-3/2 Ashkin-Teller model using MC simulations. The paper is organized as follows: in the second section, the investigated model is introduced and the ground state diagram is presented. Section 3 contains the description of the methodology and formalism of the MC simulations. We collect our results and discussions in section 4. Finally, the summary and conclusions are drawn in section 5.
Model and ground state diagram
The Hamiltonian of the model can be expressed as:
where the spins σ i and S i are located on sites of an hypercubic lattice and take both the values ±3/2 and ±1/2. The first term describes the bilinear interactions between the spins at sites i and j , with the interaction parameter K 2 . The second term describes the four-spins interaction with strength K 4 and on each site there is a single ion potential D. All these interactions are restricted to the z nearest neighbours pairs of spins.
In order to calculate the ground state energy, we express the hamiltonian as a sum of contributions of the nearest-neighbour spins. So, the contribution of a pair S 1 , S 2 and σ 1 , σ 2 is:
By comparing the values of E p for different configurations, we obtain the following structure of phase diagram shown in figure 1: ( 
Monte-carlo simulations
The system studied here is a L × L square lattice with even values of L, containing N = L 
where i runs over the lattice sites, c runs over the configurations obtained to update the lattice over one sweep of the N spins of the lattice [one Monte-Carlo step (MCS)] counted after the system reaches thermal equilibrium, and p is the number of the MCS. In order to measure the phase boundaries, we find useful the measurement of fluctuations (variance of the order-parameters) in M α defined by the magnetic susceptibility:
k B is the Boltzmann's constant.
Results and discussion
The phase diagram obtained by Monte Carlo simulation is shown in figure 2 and presented in the
We have a paramagnetic phase, where 〈σ〉 = 〈S〉 = 〈σS〉 = 0 and two ferromagnetic (Baxter) phases, where 〈σ〉 and 〈S〉 are ordered ferromagnetically and also 〈σS〉 0. The first is Baxter-1/2 and the second is the Baxter-3/2 which were not found in the earlier works [13, 14] . These phases are separated by critical lines, multicritical points and two partially ordered phases: the 〈σS〉 phase where (〈σS〉 0 and 〈σ〉 = 〈S〉 = 0) and the 〈S〉 phase where (〈σ〉 = 〈σS〉 = 0, 〈S〉 0). However, the MC data are obtained from peaks in the susceptibilities [23] for L = 30. The nature of the transition is determined from discontinuities (continuities) in the order parameters for first (second) order transition by MC simulations [12] . In our paper, the nature of the transitions is always of second order for all values. We have located the phase boundaries by using the maximum of the susceptibility. This method has been successfully applied to other models [13] and has shown a good precision with the transfer matrix finite-size-scaling method [14] .
The results of figure 2 are obtained for K 4 = 0.25. We also see the Baxter-1/2 phase separated from the paramagnetic phase by the partially ordered phase 〈σS〉 at low values of D/K 2 , as seen in the figures 3, 4 and the Baxter-3/2 phase is separated from the paramagnetic phase by the new partially ordered phase 33703-3 〈S〉 at high values of D/K 2 , as seen in the figures 5, 6. This phase does not exist either in the spin-1/2 [12] or in the spin-1 [14] Ashkin-Teller model but is viewed in the mixed (ATM) [13] . The meeting of all critical lines is located at the multicritical points A(−2.98 ± 0.01; 0.77 ± 0.01) and B (−2.54 ± 0.01; 3.97 ± 0.01). The two phases 〈σS〉 and 〈S〉 separate the disordered phase from the ferromagnetic Baxter phases by second order transition lines.
For error bars, we have made 300000 MCS and discarding 50000 and made measurements every 100 MCS, we plotted errors to the magnetizations and susceptibilities, as seen in the figures 3-6 which present By increasing the four body interaction, K 4 /K 2 , the two Baxter phases remain in the phase diagrams whereas depending on the strength of K 4 , as shown in figure 7 for K 4 = 2, the partially ordered phase 〈σS〉 shrinks and the other one 〈S〉 disappears. But for strong K 4 , K 4 = 6, the partially ordered phase 〈σS〉 disappears and the other partially phase 〈S〉 is recovered as shown in figure 8 . Continuous lines are linked by multicritical points of higher order.
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Conclusion
In this paper, by using MC simulations we have shown that the isotropic ferromagnetic Ashkin-Teller model presents a new partially ordered phase 〈S〉, which is very clear at high temperatures (also found infinitesimal in the Monte Carlo mixed ATM [13] ), and other phases like Baxter-3/2 where all spins have the magnitude of 3/2. In the parameter space (K 4 /K 2 , D/K 2 and T /K 2 ), the phase diagrams present rich varieties of phase transitions with surfaces of second order phase transitions, bounded by lines of multicritical points.
In conclusion, the study was carried out on the model of Ashkin-Teller spin-3/2. It has revealed the complexity of the model with very rich structures and gives a better understanding of the properties of condensed matter, especially magnetic properties of the systems consisting of many atom molecules holders. It is on the basis of this study that we plan to study the magnetic properties of the Ashkin-Teller model with mixed spins on different types of lattices. The presence of many atoms with different magnetic moments on the same site can reveal some interesting properties. The model will also be analyzed in three dimensions including the crystal fields and long range interactions.
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